• The clinical value of plasma as a volume expander in oligemia due to hemorrhage has been widely attested. However, in recent years, both the safety and effectiveness of transfusions of plasma and whole blood have undergone much closer scrutiny than previously. One result has been the discovery that normal plasma is not pharmacologically inert but frequently produces reactions both when injected locally into the tissues and when transfused. Bliss and Stewart 1 found that intradermal injection of normal dog plasma into a second dog invariably produced a wheal which was most readily seen if the recipient had previously received a dye (T 1824) intravenously, so that at the site of wheal ing, the extravasated plasma protein caused a blue staining. No such reactions were found if the recipient's plasma (autologous plasma) was used instead of that from a donor. This reaction was not apparently related to erythrocyte types; indeed, up to the present, no evidence of any kind has been found to suggest that the nonautologous reaction is other than an "individual" reaction even among closely inbred animals." Reactions of the same kind have been found in man, although it cannot be said in this case that they are invariable. 1 ' 8 These reactions are not to be classed as sensitization reactions since they are elicited immediately on first exposure to the plasma of another individual. They are akin, therefore, to the foreign protein reaction, 4 which occurred when plasma from another species was used. Tho distinction between autologous and uonautologous plasma is equally striking when plasma transfusions are studied. In normovolemic dogs, the transfusion of autologous plasma produces an expansion of plasma volume which agrees closely with that to be expected from the addition of the transfused volume to the pretransfusion plasma volume. With nonautologous plasma, the expansion was only 50 per cent of that predicted, and the transfusion was accompanied by widespread cutaneous urticaria and, occasionally, by marked hypotension and even death. B '" No reactions were ever seen with autologous plasma transfusions.
In human transfusions in normovolemic individuals, the results have been comparable." With autologous plasma transfused in amounts of 400 to 600 ml. in 30 minutes, good expansion of the plasma volume occurred, and there were no untoward reactions. With similar amounts of nonautologous plasma, on the other hand, frequent reactions were seen, including urticaria, tightness in the chest, nasal stuffiness, joint pains, and fever, but above all, the plasma expansion was frequently meager. Indeed, in several eases, the plasma volume was actually less than before transfusion, and the hematocrit was higher than before transfusion.
It is true that in both these human and dog studies, the rate of transfusion was high, but in the clinical management of acute oligemia due to hemorrhage or burns, the rate of transfusion is usually of this order or even higher. It therefore became a matter of some concern to enquire whether nonau- 
FIGURE 1
Mean blood pressure of dogs transftised with plasma. Following transfusion, a prompt rise in pressure occurs which is similar in magnitude with both autologous and nonautologous plasma.
tologous plasma transfusion was also so imperfect as a plasma expander, and hence prone to produce reactions when administered to oligemic individuals, or whether some mitigating factor intervened and accounted for the favorable impression gained clinically of the results of such transfusions. In this paper, experiments are described in which splenectomized dogs suffered a severe hemorrhage and were transfused with either autologous or nonautologous plasma and the resulting plasma expansions and cardiovascular responses were compared.
Methods
Experiments were curried out on healthy mongrel dogs weighing 12 to 16.5 Kg. Pairs of dogs were matched for size and splenectomized under pentobarbital anesthesia one week before the transfusion study. For the study, they were lightly anesthetized with pentobarbital (10 to 12 mg./ Kg. injected intravenously) and maintained at this minimal level by small supplementary doses, as indicated by movements of the animal. Blood pressure was recorded through a no. 240 polyethylene catheter placed in one femoral artery and connected to a Statham strain gauge and a Grass Polygraph. A no. 2S0 polyethylene catheter was inserted into the femoral vein and passed up into the inferior vena cava. For bleeding, this catheter was connected to a sterile vacuum bottle of 650-inl. capacity. The bottle which contained 30 ml. of citrate solution (citric acid 0.55 Gm., trisodium citrate 1.54 Gm., and sodium chloride 0.27 Gm. in 30 ml. distilled pyrogen-free water) was weighed before use. The volume of blood removed was determined by reweighing the full bottle and correcting for the specific gravity of whole blood (mean 1.052 in the dog). Plasma was separated by centrifuging the bottle in a refrigerated centrifuge and then removing the supernatant plasma with a long needle without disturbing the cell layer.
The animals were bled an average of 32.8 ml./Kg. in 30 minutes which reduced the mean blood pressure to 48 ± 3.0 mm. Hg. One hour after bleeding, the animals were rapidly transfused (five minutes) either with their own (autologous) plasma or with plasma from the other dog of the pair. Three animals were used as controls and not transfused. A few animals died within an hour of bleeding, as might be expected with this severity of hemorrhage. These animals were excluded from evaluation in the series.
Plasma volumes were measured immediately after bleeding was completed and again 30 minutes and two hours after transfusion. Plasma volumes were determined with T 1821 from four blood samples taken at 7.5-minute intervals after intravenous injection of 1.67 nig. of the dye. Dye concentrations were measured in a Beckman Model B Spectrophotomptor after extraction of the dye into acetone. 8 Hematocrits were obtained before bleeding and at the same time as the plasma volume determination. Measurements were made in microtubes centrifuged at 3,000 r.p.m. for 20 minutes. Plasma protein concentration was measured refractometrically with a Bausch & Lomb serum protein meter.
The presence of T 1S24 in the plasma helped to delineate any areas of urticaria developing during or after transfusion.
Results
The results obtained, as assessed by the changes in blood pressure, are seen in figure 1 and table 1. In the group of animaJs that later received a transfusion of autologous plasma, the initial mean blood pressure was 135 ± 4.9 mm. Hg. After removal of 31.2 ± 0.68 ml. blood/Kg., the mean pressure fell to 49 ± 5. the pressure stabilized at 118 to 119 mm. Hg. In the other group that was later to receive a transfusion of nonautologous plasma, the initial mean blood pressure, the amount bled, and the pressure one hour after bleeding were all identical with that of the autologous group. In this group, transfusion of 16.9 ± 0.48 ml. of nonautologous plasma caused an immediate rise in pressure to 95 ± 3.9 mm. Hg and stabilization at 110 to 111 mm. Hg. There is no statistically significant difference (30 minutes after transfusion P = 0.25; two hours after transfusion P = 0.50) in the response to the transfusion of autologous and nonautologous plasma. In the group of three animals which were not transfused, the blood pressure fell later in the experiment in contrast to both of the transfused groups.
The results of plasma volume determination show that for both groups, the plasma volume expansion measured at 30 minutes after transfusion agrees closely with that predicted for complete retention of the transfused plasma within the circulation (table 2). In both groups, a small further expansion of the plasma volume occurred in the succeeding 90 minutes, presumably as a result of mobilization of tissue fluid. There was no statistically significant difference in the expansion between autologous and nonautologous transfusions.
In the case of the hematocrit (table 3) , the decrease following transfusion also came close to that predicted by theory and did not differ between the two types of transfusions. The plasma proteins fell slightly after bleeding, as would be expected, but the re-
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sponse in the two groups was identical (table  4 ). This result is especially interesting because an almost constant finding in normovolemic dogs and men is that plasma protein concentration is higher following nouautologous transfusion than following autologous transfusion.
The only reactions encountered in this series were the development of mild urticaria in two out of 19 dogs receiving nonautologous plasma ; no reactions were encountered among the 12 dogs receiving autologous plasma.
Discussion
The results of our experiments have demonstrated unequivocally that there is no significant difference in the response to autologous and nonautologous plasma in the anesthetized hypovolemic dog, whether this response is measured by the ability to correct hypotension or to expand and the plasma volume. The only difference in the two groups was the occurrence of mild urticaria in two out of 19 animals receiving a nonautologous transfusion. These results present a A' ery sharp contrast to the results of similar transfusions in unanesthetized normovolemic dogs and man.
The animals studied in the present series differed in two ways from those studied by Bliss, Johns, and Burgen. In the present series, they were lightly anesthetized and were markedly oligemic; in the other series, they were unanesthetized and had normal blood volumes.
The effect of anesthesia is not likely to be responsible for the difference in result to any major extent since anesthesia does not prevent urticaria following nonautologous transfusions' 1 nor does it prevent hypoteiisive episodes 8 ' 6 or gastric acid secretion. 6 Histaniine liberation in the tissues following local injection of nonautologous plasma has been proved by direct demonstration and is likely to be the mediator of these responses to transfused plasma." Anesthesia has been reputed to enhance as well as to depress vascular responses to histamine, but this enhancement is not a major effect. 10 n Taken all in all, it seems unlikely that the lack of reactions and the good plasma expansion are due to any extent to anesthesia. Therefore, it appears that the lack of reaction to nonautologous plasma in the present study can be attributed almost entirely to the circumstance that the recipients were hypovolemic. How then does the presence of oligemia modify the response to nonautologous plasma f It is well known that the intradermal injection of histamine liberators or histamine does not cause urticaria in shocked animals 10 or if injected into an area hi which circulation has been temporarily arrested. 12 The formation of extravasated fluid depends, therefore, on the pressure gradient across tlie capillaries and venules. Another factor that is operative in hypovoleinic animals may have a greater significance: the arterial hypotension of hypovolemia, acting mainly through, reflexes originating in the carotid and aortic baroceptors, increases the discharge rate of sympathetic nerve fibers and hence increases the local release of norepinephrine at the sympathetic endings on blood vessels and the release of epinephrine by the adrenal medulla. It has been abundantly established that catecholamines, and particularly epinephrine, are highly effective physiological antagonists of histamine. This action is the basis of their general effectiveness in allergies, notably in anaphylaxis, giant urticaria, and asthma. It seems quite possible, therefore, that endogenous catecholamines released in excess in oligemic hypotension act as endogenous antihistamines and protect the animals from reactions to nonautologous plasma.
It is especially striking in the present series that only two dogs out of If) receiving nonautologous plasma showed minor whealing. In a series of normovolemic dogs treated in the same way, 6 every animal showed whealing, which in many cases was generalized and severe.
Our experiments confirm the clinical impression that nonautologous plasma is an effective plasma expander in hypovoleinic individuals and, under these conditions, is not inferior to autologous plasma.
High rates of transfusion are not commonly used in individuals with normal plasma volumes, in order to protect them from the possible hazard of circulatory overload. This circumstance is likely to protect them also from reactions to nonautologous plasma. It is known that with the simple chemical his.tamine liberators, such as 1:10 diaminodecane and stilbamidine, no histamine liberation occurs unless a critical rate of administration PLASMA IX SHOOK 861 is exceeded. 10 While it has not been proved experimentally that such a limitation occurs with histamine liberation by nonautologous proteins, it is likely that similar considerations apply and that when slow rates of transfusion are used, only those plasmas with the highest titers of reactive protein will cause reactions. These will probably constitute only a small minority of cases. In our studies of human plasma transfusion reactions, the rate of infusion was about 15 ml. plasma/minute. If a unit of blood is transfused in four hours, the rate is less than 1 ml./minute. However, although both in rapid transfusion in oligemic individuals and slow transfusion in normovolemic individuals, overt reactions to nonautologous plasma are uncommon, this does not mean that no ill effects accrue. Presumably, reaction between the transfused plasma and the recipient's cells still occurs, but the resulting effects, if any, do not produce an immediate reaction and remain occult.
Summary
A comparison has been made between the effectiveness of nonautologous and autologous plasma as a plasma volume expander in dogs made severely oligemic by acute hemorrhage. No difference was found in their effectiveness in expanding plasma volume or in raising blood pressure. It is suggested that the reactions seen in normal dogs are suppressed in oligemic dogs by catecholamines liberated in response to hypotension.
